Introduction
The oxidative dehydrogenation of propane (ODP) on supported vanadia catalysts is an example of a selective oxidation reaction of low hydrocarbons and an important test for the fundamental understanding of heterogeneous catalysis on a molecular basis. The key factors for control of the catalytic performance of this reaction are still not fully understood. The proposed reaction mechanisms indicate that vanadium may change between its oxidation states III, IV, and V [1] . Electron paramagnetic resonance (EPR) is capable to directly identify these different oxidation states. Although vanadium(IV) in its spin doublet state can be detected by standard X-band (9-10 GHz) EPR, vanadium(III) in its spin triplet state probably has a large fine structure (FS) interaction, thus making use of HF-EPR mandatory.
Experimental
HF-EPR measurements were performed at the NHMFL. The setup used operates in transmission mode and employs oversized cylindrical waveguides. No resonator was used. The loss in sensitivity is partially compensated by increasing the sample mass. Field modulation was used to obtain "first-derivative-type" EPR spectra. Microwave frequencies in the range of 200-400 GHz were chosen for our experiments to allow for optimal spectral dispersion and frequency resolution. A superconducting magnet (Oxford Instruments) capable of reaching a field of 14.9 T was employed.
Results and Discussion
The focus of this study was the impact of the support material on formation and modification of paramagnetic centers during catalytic reaction. Because of the enhanced resolution of HFEPR, spectral components around g ≅ 2 and those in the range below 1.98 can be separated. In this low-g value range, signals from vanadium(IV) and titanium(III) a re expected. In the region of smaller g values, signals which can be attributed to vanadium(IV) are observed, when using SBA-15 and Al 2 O 3 as support. A striking difference in EPR pattern is observed for the TiO 2 support material before as well as after reaction. A strong unstructured signal with a maximum at g ≅1.93 is created by the catalytic reaction, being attributed to titanium(III). Thus, it seems possible that electrons can be trapped at titanium(IV) as well as on surface-bound molecular oxygen on the titania surface, significantly influencing the catalytic redox cycle and/or leading to additional unselective reaction pathways.
Conclusions
Application of HF-EPR for investigation of catalysts was found to be very promising because of the significant improvement of spectral resolution. At microwave frequencies of 300 GHz and above and magnetic fields up to 15 T it is possible to separate spectral components originating from various transition-metal ions, from carboncentered radicals or from oxygen vacancies. It was possible to investigate probes extracted from the reactor under "inert" conditions, sealed in quartz sample tubes of 6 mm o.d. and 50 mm length. Comparison of pure support materials with unreacted catalysts and catalysts exposed to reaction conditions helped to identify paramagnetic centers which might be related to catalytic active sites in ODP [2] . .
